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PATENT 

ATTORNEY DOCKET NO: 00614/092001 

PROTECTIVE COATING FOR AN ELECTRONIC DEVICE 
Background of the Invention 

This invention relates to a protective coating for 
an electronic device. 

Referring to Fig. 1, a power device 90, for example, 
may be mounted on a baseplate 92 and attached to a printed 
circuit board (PCB) 94 (see U.S. Patent 5,526,234, 
incorporated by reference) . Power device 90 has a 
semiconductor 96 mounted on an electrically nonconductive 
substrate 98, and conductive pads 100, which are 
electrically connected to semiconductor 96 by bond wires 
102. PCB 94 has a conductive run 108 on the top surface 
that is connected by a through hole 106 to the bottom 
surface. Electrical connection between the bottom surface 
of through hole 106 and a conductive pad 100 is made by 
solder 110. The amount of solder 110 that contacts 
conductive pad 100 and the area of solder bond are variable. 

An electronic device often needs to be protected 
from the environment. One method for protecting an 
electronic device involves covering part of the device with 
a silicone gel (see U.S. Patent 4,888,226). When the 
silicone gel is initially applied, it has a viscous 
constituency which is capable of flowing about the 
components on the electronic device so as to encase them. 
The gel is then hardened by curing. 

Summary of the Invention 
In general, in one aspect, the invention features 
forming a protective coating on an exposed surface of an 
electronic device, including forming the protective coating 
on a conductive termination connected to a circuit element 
in the electronic device, and making a window in the 
protective coating to expose the termination. 


Embodiments of the invention may Include one or more 
of the following features. The protective coating may be 
uniform in thickness and conform to the geometric 
configuration of the electronic device. Vapor deposition 
5 may be used to deposit a polymer, such as poly-para-xylylene 
(trade name: "parylene"), on the surface of the electronic 
device. The electronic" device 'may be an integrated power 
device (IPD) , and the circuit element may be a semiconductor 
or a power semiconductor. 

10 The window in the protective coating may be made by 

laser cutting the coating in a predetermined pattern, which 
may include a pattern of parallel strokes for removing 
strips of the coating or a perimeter cut to outline the area 
of the coating to be removed. The laser may be a stroke 

15 marking laser or a mask marking laser or a fixed beam laser. 
In implementations of the invention, the outlined area of 
the protective coating is peeled away from the surface of 
the electronic device by passing compressed air or an inert 
gas over the surface of the coating until the coating 

2 0 dislodges from the electronic device . 

Solder may be applied to the portion of the 
conductive termination exposed by the window in the 
protective coating using reflow soldering. The electronic 
device may be encapsulated in a potting material, which may 
25 include a silicone resin or polyurea. 

In general, in another aspect, the invention 
features forming a protective coating of poly-para-xylylene 
on an exposed surface of an integrated power device, 
including forming the protective coating on a conductive 

3 0 termination connected to a semiconductor in the power 

device, and cutting a window in the protective coating using 
a laser to expose the termination. 
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In general, in another aspect, the invention 
features forming a protective coating on an exposed surface 
of an electronic device, including forming the protective 
coating on a conductive termination connected to a circuit 
element in the electronic device, making a window in the 
protective coating to expose the termination, applying 
solder to the portion c5f the conductive termination exposed 
by the window in the protective coating, and encapsulating 
the electronic device in a potting material. 

In general, in another aspect, the invention 
features a method for use with an electronic device having a 
conductive termination pad and an electronic component 
connected to the pad. The method includes applying a 
protective coating to surfaces of the termination pad and 
the electronic component, cutting a window in the protective 
coating to expose the termination pad, and flowing solder 
into the window to make electrical connection between the 
solder pad and a circuit. 

In general, in another aspect, the invention 
features a circuit board, an electronic device, and solder 
connecting the two together. The electronic device has a 
substrate, a conductive termination pad formed on the 
substrate, an electronic component mounted on the substrate 
and connected to the termination pad, a protective coating 
on the pad and the electronic component, and a window formed 
in the protective coating to expose the conductive 
termination pad. Solder connects the termination pad to the 
circuit board via the window. 

In general, in another aspect, the invention 
features an electronic device, a protective, conformal 
coating on the surface of the electronic device containing 
conductive terminations, and a window in the protective 
coating to expose the conductive terminations. 


Advantages of the invention includes one or more of 
the following. The protective poly-para-xylylene 
("parylene") coating on the power device provides a barrier 
to environmental influences while allowing the conductive 
5 pads on the power device to make electrical connections with 
other electronic devices through windows in the protective 
coating. The uniforrtTity of the parylene coating facilitates 
the design of a laser pattern for ablating a window in the 
coating. A laser cut window in the parylene coating 
10 precisely defines the size and shape of the solder bond 
between the power device and the PCB. 

The pa:irylene coating protects the power device from 
the external environment, provides a dielectric benefit, and 
increases the mechanical integrity of the bond wires. Vapor 
15 deposition of parylene produces a uniform, conformal coating 
over the entire exposed surface of the power device. The 
coating is uniform in thickness and conforms to the 
geometric configuration of the power device. This 
application process can be repeated precisely, producing 
2 0 multiple power devices with a parylene coating of specific 
thickness. A parylene coating of 8-12 microns adds little 
volume to the size of the power device and thus facilitates 
high density packaging of the power device with other 
components. Parylene has optical clarity allowing for 
25 visible inspection of the power device prior to packaging. 

Other advantages and features will become apparent 
from the following description and from the claims. 


Description 

Fig. 1 is an enlarged cross-sectional side view of a 
30 prior art mounting of a power device. 

Fig. 2 is a side-sectional view of a packaged 
integrated power device according to the invention. 
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Fig- 3 is an enlarged perspective view, partially 
broken away, of the mounting arrangement of the power 
device . 

Fig. 4 is an even more enlarged perspective view, 
5 partially broken away, of the mounting arrangement (not to 
scale) . 

Fig. 5 is a block diagram of an integrated power 
device packaging line. 

Fig. 6 is a top view of an adhesive sheet with power 
10 devices attached. 

Fig. 7 is a top view of a coated integrated power 
device with an enlarged view of a laser pattern. 

Fig. 8 is a block diagram of another integrated 
power device packaging line. 
15 Fig. 9 is a top view of a coated integrated power 

device with an enlarged view of another laser pattern. 

Fig. 10 is a perspective view of a mask marking 
laser and stencil pattern. 

Referring to Fig. 2, in a packaged circuit 10, an 
2 0 integrated power device (IPD) 12 is attached directly to 
both a heat -sinking metal baseplate 14 and to a printed 
circuit board (PCB) 16. A case 40 attaches to baseplate 14, 
enclosing power device 12 and PCB 16. The space enclosed 
within case 40 is filled with an encapsulant 42, which 
25 protects IPD 12. Additional details of the general 

packaging scheme are described in U.S. Patents 5,526,234, 
5,644,103, and 5,663,869, and patent application 08/851,482, 
incorporated by reference. 

Referring to Fig. 3, IPD 12 has a semiconductor 18 
30 mounted on an insulating substrate 20, which is attached to 
baseplate 14 (using, for example, solder or a thermally 
conductive adhesive 22) . Substrate 20 also bears conductive 
pads 24 which may be electrically connected by metal wires 
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26 to terminals 27 on the top of semiconductor 18. In some 
applications, the semiconductor 18 is mounted onto one of 
the conductive pads 24 (as shown in Fig. 3) to provide an 
electrical connection to the back of the die or to improve 
5 thermal performance, or both. In general, an IPD comprises 
one or more power semiconductors and may also contain one or 
more control semiconductor devices. In some applications 
the semiconductors are mounted to an assembly comprising a 
substrate 20 and conductive pads 24; in other applications 
10 no substrate 20 is used and the IPD comprises a power 
semiconductor mounted directly to a conductive element 
(e.g., pad 24). The insulating substrate may comprise,' for 
example, a ceramic or printed circuit board material. 

PCB 16 has an aperture 28 which accommodates the 
15 semiconductor 18 and metal wires 26. Smaller through holes 
30 connect conductive runs 32 on the top surface of PCB 16 
to the bottom surface of PCB 16. Each of the conductive 
pads 24 has a corresponding through hole 30. A conductive 
run 32 is electrically connected to a conductive pad 24 by 
20 solder 38 in a through hole 30. 

Referring also to Fig. 4, a protective coating of 
parylene 34 covers the surface of power device 12 that 
contains semiconductor 18, metal wires 26, and conductive 
pads 24. A rectangular window 36 defined by vertical walls 
25 37 cut into the parylene 34 exposes the top surface of 

conductive pad 24. Solder 38 fills the window and through 
hole 3 0 to form a mechanical and electrical connection 
between the eixposed portion of conductive pad 24 and 
conductive run 32. The window 36 limits the region of the 
30 pad to which solder can adhere and prevents solder from 

adhering to a broader, undefined area of the surface of the 
conductive pad. Any solder which might flow away from the 
area of the window will be prevented by the parylene from 
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adhering to the pad, die or wire bond connections. This 
method of connecting power device 12 to PCB 16 allows the 
precise area of the solder bond to be defined by the size 
and shape of the window in the parylene 34. 

Referring to Fig. 5, an integrated power device 
packaging line 50 has a masking station 52, a parylene 
coating station 54, a separation and mounting station 56, a 
laser ablation station 58, a solder station 60, and a 
potting station 62. 

Referring also to Fig. 6, at masking station 52, an 
array of power devices 12 are secured to an adhesive sheet 
64 (e.g., Nitto Wafer Tape) with the surface of power device 
12 that contains semiconductor 18, metal wires 26, and 
conductive pads 24 left exposed. 

Adhesive sheet 64 containing power devices 12 is 
then transferred to parylene coating station 54 where the 
protective parylene coating 34 is vapor deposited on the 
exposed surface in a vapor deposition chamber (Specialty 
Coating Systems, Inc., Indianapolis, IN). Vapor deposition 
produces a uniform, conformal protective parylene coating 34 
over the entire exposed surface of power device 12. The 
parylene coating 34 is uniform in thickness (8-12 microns) 
and conforms to the geometric configuration of power 
device 12 by adhering to all exposed surfaces, including the 
metal wires 26. This coating protects power device 12 from 
environmental influences, such as moisture and sulfur. In 
addition, parylene coating 34 provides a dielectric 
insulating benefit and adds to the mechanical integrity of 
the metal wires 26. An advantage associated with applying 
the parylene coating after the power devices are mounted to 
the adhesive sheet is that the surfaces of the power devices 
which are in contact with the sheet will not be coated with 
parylene. This provides a "clean" surface on the power 


devices for subsequent mounting to the baseplate. In 
separation and mounting station 56, each of the coated power 
devices 12 is separated from adhesive sheet 64 and mounted 
to a metal baseplate 14 (see U.S. Patent 5,526,234, 
5 incorporated by reference) . 

Referring to Fig. 7, laser ablation station 58 cuts 
window 3 6 in the protTective parylene coating 34 on coated 
power device 12 to expose conductive pads 24 . Laser 
ablation station 58 includes a stroke marking laser 59 

10 (e.g., Nd: YAG-laser, manufactured by A-B Lasers, Acton, MA) 
and a CAD station 66 for designing a laser pattern. A 
stroke marking laser positions the laser beam with 
galvanometer activated mirrors prior to passing the beam 
through the final focusing lens. To ablate a window in 

15 parylene coating 34 of nominal 8-12 micron (10'^ meter) 

thickness the laser may be set for two passes at a galvo 
speed of 500 mm/s, a Q-switch pulse rate of 7.5 Khz and a 
lamp power of 18 Amperes. Laser pattern 68, with a line 
spacing of 0.002 inches in the fill pattern, illustrates the 

2 0 predetermined pattern of parallel strokes that laser 59 
makes during each pass . An advantage of using a stroke 
marking laser is that, since power device 12 remains 
stationary while the laser ablates a pattern on the parylene 
coating 34, the laser beam can be positioned and moved 

25 rapidly. 

CAD station 66 is used to design laser pattern 68. 
Different laser patterns for different geometric 
configurations of coated power device 12 may be designed and 
stored for easy recall. Laser patterns may be quickly and 
30 easily changed allowing for flexibility in handling a 
variety of electronic power device configurations. 

After window 36 is ablated to expose conductive pad 
24, solder station 60 solders coated power device 12 to PCB 


10 


16 using reflow soldering. Solid solder beads are 
positioned near plated through hole 30 and exposed 
conductive pad 24, and then heated until the solder reflows 
into the through hole 30 and window 36. Since solder does 
not bind to any area covered with parylene coating 34, the 
solder 38 only binds to the portion of conductive pad 24 
exposed through laser ablation. This allows the precise 
area of the solder bond to be defined by the shape and size 

of window 36. 

Potting station 62 encloses PCB 16, baseplate 14, 
and coated power device 12 in a plastic case 40 (Fig. 2) . 
Case 40 is then filled with encapsulant 42 (e.g., silicone 
resin manufactured by Thermoset Plastics Inc., Indiana; or 
polyurea manufactured by Resin Tech Group) . Encapsulant 42, 
15 in combination with parylene coating 34, protects power 

device 12 from environmental influences and other mechanical 
stresses . 

Other embodiments are within the scope of the 
following claims. 

20 For example, referring to Fig. 8, an integrated 

power device packaging line 70 has a laser ablation station 
76 ahead of a separation and mounting station 78. 
After the masking station 72 and parylene coating station 
74, laser ablation station 76 cuts window 36 in the parylene 

25 coating 34 while power device 12 is still attached to 

adhesive sheet 64. This configuration allows windows 36 to 
be cut in multiple power devices 12 at virtually the same 
time . 

In another embodiment, window 36 in parylene coating 
34 is created by laser cutting an outline of the area to be 
removed, as shown in Fig. 9, and then peeling away the 
outlined area of the parylene coating. Perimeter cut 90, 
made by laser 59 (Fig. 5), outlines an area 92 of the 
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30 


parylene coating to be removed. This area 92 is dislodged 
from conductive pad 24 by passing an inert gas (e.g.. 
Nitrogen) over the surface of the coated power device 12 
until area 92 peels away from pad 24. In other 
implementations, compressed air is employed to dislodge area 
92. To facilitate removal of area 92, laser 59 scans the 
surface of area 92, Sxc"! ting the parylene molecules and thus 
decreasing the bond with pad 24. An advantage of using a 
perimeter cut is that it allows the region of parylene 
targeted for removal to be laser processed and removed with 
minimal affects on the adjacent parylene coating outside the 
perimeter cut window. 

Referring to Fig. 10, in another embodiment, window 
3 6 in parylene coating 34 is created using a mask marking 
laser 96 (e.g, TEA laser) . The laser beam is passed through 
a stencil 98 with a predetermined pattern 100 before 
contacting parylene coating 34. Each burst of the laser 
beam ablates a portion of the parylene coating defined by 
the stencil pattern 100. Power device 12 is positioned and 
rotated with respect to the stationary laser 96 and 
stencil 98. 

In another embodiment, window 36 (Fig. 4) is created 
using a fixed-beam laser. Laser pattern 68 (Fig. 7) is used 
to ablate parylene coating 34, where the laser beam remains 
fixed and power device 12 is moved in accordance with 
pattern 68. 

In another embodiment, PCB 16 (Fig. 3) may contain 
scallops in the edge of aperture 28 instead of through holes 
30 (see U.S. Patent 5,644,103, incorporated by reference). 
A scallop is a concave recess formed in an edge by removing 
material from the edge. The scallops connect conductive 
runs on the top surface of the PCB to the bottom surface of 
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the PCB. The conductive run is then electrically connected 
to a conductive pad on a power device by solder. 

Individual electronic devices may be processed 
instead of arrays of devices. 

5 What is claimed is: 
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1 1. A method comprising: 

2 forming a protective coating on an exposed 

3 surface of an electronic device, including forming the 

4 protective coating on a conductive termination connected to 

5 a circuit element in the electronic device; and 

6 making a window in the protective coating to 

7 expose the termination" 

1 2. The method of claim 1 wherein the coating is 

2 uniform in thickness. 

1 3. The method of claim 1 wherein the coating 

2 conforms to the geometric configuration of the electronic 

3 device. 

1 4. The method of claim 1 wherein coating the 

2 electronic device comprises vapor deposition. 

1 5. The method of claim 1 wherein the protective 

2 layer comprises a polymer. 

1 6. The method of claim 5 wherein the polymer 

2 comprises poly-para-xylylene . 

1 7. The method of claim 1 wherein the electronic 

2 device comprises an integrated power device (IPD) . 

1 8 . The method of claim 1 wherein the circuit 

2 element compirises a semiconductor, 

1 9- The method of claim 1 wherein the circuit 

2 element comprises a power semiconductor. 
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1 10. The method of claim 1 wherein making a window 

2 in the protective coating comprises using a laser to remove 

3 the protective coating. 

r 

1 I 11- The method of claim 10 wherein the laser 

2 I comprises a stroke marking laser, 

1 12 . The method of claim 10 wherein the laser 

2 comprises a mask marking laser. 

11 13. The method of claim 10 wherein the laser 

2 \ comprises a fixed-beam laser. 

1 14. The method of claim 10 wherein making- a window 

2 in the protective coating comprises using a predetermined 

3 pattern. 

1 15. The method of claim 14 wherein the 

2 predetermined pattern comprises a pattern of parallel 

3 strokes for removing strips of the protective coating. 

1 16. The method of claim 1 wherein making a window 

2 in the protective coating comprises making a perimeter cut 

3 with a laser to outline the area of the protective coating 

4 to be removed and removing the outlined area of the 

5 protective coating. 

1 17. The method of claim 16 wherein removing the 

2 outlined areai of protective coating comprises peeling the 

3 protective coating away from the surface of the electronic 

4 device. 
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1 18, The method of claim 17 wherein peeling the 

2 protective coating comprises passing a gas over the surface 

3 of the protective coating until the protective coating 

4 dislodges from, the electronic device. 

1 f 19, The method of claim 18 wherein the gas 

2 / comprises compressed*air . 

i 

li 20, The method of claim 18 wherein the gas 

2^ comprises an inert gas. 

1 21. The method of claim 1 further comprising: 

2 applying solder to the portion of the 

3 conductive termination exposed by the window in the 

4 protective coating. 

1 22. The method of claim 21 wherein applying solder 

2 comprises reflow soldering, 

1 23. The method of claim 1 further comprising: 

2 encapsulating the electronic device in a 

3 potting material. 

24 . The method of claim 23 wherein the potting 

2 material comprises a silicone resin. 

I'i 25. The method of claim 23 wherein the potting 

2 material comprises polyurea. 
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1 2y. A method comprising: 

2 / forming a protective coating of poly-para- 

3 xylylene on an exposed surface of an integrated power 

4 device, including forming the protective coating on a 

5 conductive termination connected to a semiconductor in the 

6 power device; and 

7 cutting a window fn the protective coating 

8 using a laser to expose the termination. 

1 27. A method comprising: 

2 / forming a protective coating on an exposed 

3 surface of an electronic device, including forming the 

4 protective coating on a conductive termination connected to 

5 a circuit element in the electronic device; 

6 making a window in the protective coating to 

7 expose the termination; 

8 applying solder to the portion of the 

9 conductive termination exposed by the window in the 

10 protective coating; and 

11 encapsulating the electronic device in a 

12 potting material. 

1 2,g^. A method for use with an electronic device 

2 having conductive termination pad and an electronic 

3 component connected to the pad, the method comprising: 

4 applying a protective coating to surfaces of 

5 the termination pad and the electronic component; 

6 cutting a window in the protective coating to 

7 expose the termination pad; and 

8 flowing solder into the window to make 

9 electrical connection between the solder pad and a circuit. 
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1 29. A circuit comprising: 

2 /a circuit board; 

3 aa electronic device comprising 

4 a substrate, 

5 a conductive termination pad formed on the 

6 substrate, 

7 "an 'electronic component mounted on the 

8 substrate and connected to the termination pad, 

9 a protective coating on the pad and the 

10 electronic component, and 

11 a window formed in the protective coating 

12 to expose the conductive termination pad; and 

13 solder connecting the termination pad to the 

14 circuit board via the window. 

1 2p . ISJCi apparatus comprising: 

2 / an electronic device; 

3 a protective, conformal coating on the surface 

4 of the electronic device containing conductive terminations 

5 and 

6 a window in the protective coating to expose 

7 the conductive terminations. 
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PROTECTIVE COATING FOR AN ELECTRONIC DEVICE 
Abstract of the Disclosure 
A method for forming a protective coating on an 
exposed surface of an electronic device, including forming 
the protective coating on a conductive termination connected 
to a circuit element in the electronic device, and making a 
window in the protective coating to expose the termination. 
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COMBINED DECLARATION AND POWER OF ATTORNEY 
As a below named inventor, I hereby declare that: 

My residence, post office address and citizenship are as stated below next to my name, 

I believe I am an original, first and joint inventor of the subject matter which is claimed and for which 
a patent is sought on the invention entitled PROTECTIVE COATING FOR AN ELECTRONIC DEVICE, the 
specification of which 

■ is attached hereto. 

□ was filed on - — as Application Serial No. . 

and was amended on 

□ was described and claimed in PCT International Application No. 

filed on and as amended under PCT Article 19 on 

I hereby state that I have reviewed and understand the contents of the above-identified specification, 
including the claims, as amended by any amendment referred to above. 

I acknowledge the duty to disclose all information I know to be material to patentability in accordance 
with Title 37, Code of Federal Regulations, §1.56. 

I hereby appoint the following attorneys and/or agents to prosecute this application and to transact all 
business in the Patent and Trademark Office connected therewith: David L. Feigenbaum, Reg. No . 30.378; 
William E. Booth, Reg. No. 28,933; Peter J. Devlin, Reg. No. 31,753; John J. Gagel, Reg. No, 33,499; Kurt L, 
Glitzenstein, Reg, No. 39,686; Gilbert H. Hennessey, Reg. No. 25,759; Charles Hieken, Reg. No. 18,411; Robert 
E„ Hillman, Reg. No, 22,837; G. Roger Lee, Reg. No. 28,963; James E. Mrose, Reg. No. 33,264; Eric L. Prahl, 
Reg. No. 32,590; Richard M. Sharkansky, Reg. No. 25,800; John M. Skenyon, Reg. No. 27,468; Gary A. 
Walpert, Reg. No. 26,098; John N. Williams, Reg. No. 18,948; and Charles C. Winchester, Reg. No, 21,040, 

Address all telephone calls to David L. Feigenbaum at telephone number 617/542-5070. 

Address all correspondence to David L. Feigenbaum. Fish & Richardson P,C., 225 Franklin Street, 
Boston, MA 02110-2804. 

I hereby declare that all statements made herein of my own knowledge are true and that all statements 
made on information and belief are believed to be true; and further that these statements were made with the 
knowledge that willfiil false statements and the like so made are punishable by fine or imprisonment, or both, 
uftder Section 1001 of Title 18 of the United States Code and that such willful false statements may jeopardize 
the validity of the application or any patents issued thereon. 

Full Name of Inventor: Patrizio Vinciarelli 

Inventor's Signature: Date: „ . — 

Residence Address: Boston, MA 

Citizen of: U.S.A. » 

Post Office Address: 294 Beacon Street, Boston, MA 02114 , . 


Revised August 24. 1994 (391 DEC L MRG) 


COMBINED DEC" ^RATION AND POWER OF ATTC ">EY CONTINUED 


Full Name of Inventor: Jeffi:cv A. Curhan 

Inventor*s Signature: Date: 

Reisidence Address: Medwav, MA 

Citizen of: U.S.A. 

Post Office Address: 12 Hillview Terrace, Medwav. MA Q2Q53 
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